The adverse effects of increased blood lead levels have been well discussed. Several antioxidant agents have been reported to offer protection from lead toxicity and to reduce blood lead levels (BLL). Given that erythropoietin (EPO) also has antioxidant properties, the aim of this cross-sectional study was to assess the role of EPO and other clinical variables on BLL in hemodialysis (HD) patients. We recruited 931 maintenance hemodialysis (MHD) patients who had undergone HD for at least 6 months and who had ever received blood lead level (BLL) study. Use of erythropoiesis-stimulating agents followed the The National Kidney Foundation Kidney Disease Outcomes Quality Initiative (NKF KDOQI) Clinical Practice Guideline. We estimated demographic, hematological, nutritional, inflammatory, biochemical, and dialysis-related data based on this study. In the group with EPO, 7% had high BLL. In the group without EPO, 22% had high BLL. From the stepwise liner regression, urban areas, hemodialysis duration, and clearance of urea (KT/V urea ) were positively associated with log BLL. In contrast, diabetes (DM), and monthly EPO dose were negatively associated with log BLL. This study showed that EPO dose might be negatively associated with blood lead levels in patients on maintenance hemodialysis.
The adverse effects of increased blood lead levels have been well investigated in several studies, including those focusing on general and chronic renal failure patients, or patients undergoing dialysis [1] [2] [3] [4] [5] [6] [7] . Several antioxidant agents have also been reported to confer protection against lead toxicity and to reduce blood lead levels (BLLs) 8 . Although the disadvantages and advantages of EPO have been thoroughly discussed [9] [10] [11] , EPO has antioxidant properties [12] [13] [14] [15] . In 2007, Sakata et al. pointed out the negative association between BLLs and serum EPO concentrations in subjects with normal renal function 16 . In patients with chronic renal failure, Grzeszczak et al. reported that patients with EPO therapy had (nonsignificantly) lower blood lead levels than patients without it ref. 17 . From the above studies, we can see a negative association between BLL and EPO. However, in Grzeszczak et al. 's 17 study that did not take into account corrected related variables such as dialysis dose or living areas for BLL in advanced analysis, they did not find the statistic significant results. To the best of our knowledge, research on the relationship between use of EPO or EPO dose and BLL in HD patients is limited and the relationship remains obscure. The aim of this cross-sectional study was therefore to assess the role of EPO, EPO dose and other clinical variables on BLL in HD patients because of the abovementioned antioxidant properties of EPO. Table 2 presents the subgroup analysis for patients with and without ESA. The patients without ESA had a longer HD duration (10.04 ± 6.80 vs. 6.43 ± 5.14 years, p < 0.001), higher body mass index (BMI) (23.17 ± 2.80 vs. 22.12 ± 3.21 kg/m 2 , p = 0.003) higher hemoglobin (Hb) level (12.33 ± 1.53 vs. 10.35 ± 1.21 g/dL, p = 0.02), higher intact-parathroid hormone (iPTH) level (188.6 vs. 123.8 pg/mL, p < 0.001), higher blood lead level (13.69 vs. 9 .98 ug/dL, p < 0.001), higher calcium level (10.19 ± 1.00 vs. 9.90 ± 0.92 mg/dl, p = 0.022), higher phosphate level (5.18 ± 1.42 vs. 4.79 ± 1.35 mg/dl, p = 0.027), higher creatinine level (12.70 ± 2.16 vs. 10.72 ± 2.33 mg/dl, p < 0.001), lower ferritin level (62.1 vs. 329.8 μg/l, p < 0.001), lower KT/V urea (1.68 ± 0.26 vs. 1.80 ± 0.32, p < 0.001), higher male sex prevalence (86.1% vs. 47.4%, p < 0.001), higher smoking prevalence (38.9% vs. 16.3%, p < 0.001), higher living in urban areas (40.3% vs. 16.2%, p < 0.001), and higher HCV prevalence (38.9% vs. 16.7%, p < 0.001). Patients with ESA also had lower prevalence of high and high-normal BLL, and higher low-normal BLL prevalence (Fig. 1) .
To further clarify the factors associated with log lead level in our study patients, we used univariate and multivariate linear regression "stepwise" methods for analyses. Table 2 . Comparison between MHD patients with EPO and without EPO. Abbreviations: EPO: Erythropoietin, MHD: maintenance haemodialysis, nPCR, normalized protein catabolic rate, HBV: hepatitis B virus infection, HCV:hepatitis C virus infection. hsCRP = high-sensitivity C-reactive protein, Kt/V urea = dialysis clearance of urea, Note: A P of < 0.05 represents significant variance between the groups. *Non-normal distribution data are presented as median (interquartile range). (Fig. 2) .
Discussion
In this study, we have shown that after adjustment for related variables, the level of blood lead showed a significantly negative association with the dose of EPO in maintenance HD patients.
To our knowledge, studies on the correlation between EPO and BLL in HD patients are few. Although our study is not the first to observe this correlation, we are the first to show a significantly negative correlation from an advanced analysis that included living environments and dialysis dose. In a cross-sectional study in London, Davenport et al. 18 found that BLL was positively correlated with hemodialysis vintage, use of reverse osmosis water purification device unit, and that BLL was negatively correlated with residual urine output, with approximately 25.5% of patients having BLL >20 ug/dL. Colleoni et al. 7 uncovered a positive correlation between BLL and PTH levels, but no correlation between BLL and HD duration; the authors also reported that the environmental risk factors (occupational exposure, tap water consumption and older houses) were associated with BLL in HD patients. Skarupskiene et al. 19 also showed that HD duration >3 years was associated with elevated BLL. The findings from these abovementioned studies are mostly consistent with ours insofar as HD duration and environmental risk factors are important variables on BLL of HD patients.
It is natural to ask why KT/V urea value was positively correlated with BBL. In general, the higher the KT/V urea , the more uremic toxin is removed from the body. However, higher dialysis dose did not confer any advantage against mortality 20 . It is interesting to note Skarupskiene's 19 finding that in a comparison of BLL before and after hemodialysis, BLL significantly increased after hemodialysis. Our finding and the above cited study may explain why there was no advantage of a higher KT/V urea on mortality in hemodialysis patients 20 . However, further study on pre-and post-hemodialysis BLL are required to confirm this observation.
We know that erythropoietin is a hormone released from the kidney that stimulates erythropoiesis. However, it is not known why there is a negative correlation between monthly EPO dose and BLL in our study's patients or in those of other studies 17 . In our knowledge, the mechanism on metabolism of heavy metals in hemodialysis are still obscure. Conversely, recent study in children on hemodialysis without aluminum (Al) containing phosphate binders, Manal et al. 21 . showed the positive association between BLL and EPO dosage. They also showed the positive association between blood Al levels and BLLs. We don't know why the different results between our and Manal's study. The number of studied population, age, dialysis duration, comorbidities, not including serum ferritin level and inflammation markers could be the reasons for the difference in both studies. However, in a previous study 22 , negative correlation between serum EPO and BLL was noted in pregnant women. Renal tubule toxicity of lead was suspected to the mechanism for reducing EPO generation 23 . However, in addition to stimulating erythropoiesis, the antioxidant property of EPO is another potential field of study. EPO was found to restore glutathione peroxidase activity 12, 14 , reduce malondialdehyde concentrations 13, 15 , and increase superoxide dismutase levels 12 . In addition, antioxidant nutrients and lead toxicity have been previously discussed in a review article that noted that vitamin C, vitamin E, vitamin B6, B-carotene, zinc, and selenium reduce lead-exposure toxicity 8 . Among these nutrients, vitamin C was observed to decrease the prevalence of elevated BLL 24, 25 and as a result has been the agent receiving the most attention for lead toxicity. In lead-poisoned rats, ascorbic acid was reported to have the equivalent chelating property of EDTA 26 . Although Dhawan et al. reported that vitamin C might increase lead elimination from urine in rats 27 , in Dawson et al.'s 24 human study, they found that supplementation with 1000 mg, not 200 mg vitamin C per day results in a decrease of BLLs in general population, which is possibly due to a reduction in the intestinal absorption of lead. In our study, we reported that residual renal function was not associated with BLLs, and that the dose of EPO was negatively associated with BLL. From the above cited studies, it is clear that EPO has the property of antioxidant that may possibly reduce lead absorption from the intestine, and that this effect may be dose-dependent. However, further research is necessary to confirm the associations found in the present study.
It is interesting that the DM condition was negatively associated with BLLs in our studied subjects. Similarly, Forte reported patients with DM had a lower level of blood lead than the controls 28 . Taking Forte's and our findings together, we speculate that HD patients with DM condition might have a greater chance of DM enteropathy inducing poor appetite and bowel functioning, which might reduce food intake, digestion and intestinal lead absorption.
This study has some limitations. First, this study showed the correlation between blood lead levels and EPO dose of HD patients in a cross-sectional design study. Therefore, further prospective studies are worth further evaluation whether use of EPO will reduce the blood lead levels of patients with MHD. Second, the number of patients with ESA were larger than patients without it (858:73). In our knowledge, most of HD patients must receive ESA to keep hematogenesis. Hence, the rate of above mention is reasonable. Third, we did not offer the information of usage of phosphate binders (including aluminum containing phosphate binders). After all, blood Al level may be a positive factor associated with BLL 21 . However, in our study, we did not find the significant correlation between blood Al and Pb levels (Table 3) . Further advanced study could be designed for the association between usage of aluminum containing phosphate binder and BLLs. Fourth, we found that living in urban areas was a risk factor with elevated blood lead levels. We know that, comparing with rural areas, there are more people, transportation, factories and air pollution in urban areas. Hence, further advanced study for investigating above issue on blood heavy metals in HD patients is needed.
Conclusion
This is the first study to demonstrate that EPO dose may be significantly associated with blood lead levels in patients on maintenance hemodialysis. Further studies are required to clarify these observations.
Methods
This study protocol was approved by the Institutional Review Board Committee of Chang Gung Memorial Hospital. Written informed consent was obtained from all patients. All medical records, including medical history, laboratory data, and inclusion and exclusion criteria, were reviewed by senior nephrologists during the study period. All patient information was protected and available to only the investigators. And all experiments protocols were conducted according to the Strengthening the Reporting of Observational Studies in Epidemiology guidelines.
Patients. Patients were recruited from the HD centers of the Chang Gung Memorial Hospital branches in Linkou, Taipei, and Taoyuan. Only MHD patients who had undergone HD for at least 6 months, were aged ≥18 years and had blood lead study were enrolled 29, 30 . Figure 3 showed the flow chart of enrollment of studied patients. Patients with malignancies or infectious diseases or who had been hospitalized or had undergone surgery within the previous 3 months were excluded. Diabetes mellitus was identified according to either a physician's diagnosis, antidiabetic drug treatment, or 2 subsequent analyses demonstrating fasting blood glucose levels of >126 mg/dL. Most patients underwent 4 h of HD 3 times a week. HD was performed using single-use hollow-fiber dialyzers equipped with modified cellulose, polyamide, or polysulfone membranes. The dialysate used in all cases had a standard ionic composition with a bicarbonate-based buffer. Regarding HDF, patients who had undergone HDF 3 times a week for ≥3 months were enrolled. We evaluated the prevalence of CVDs, including cerebrovascular disease, coronary artery disease, congestive heart failure, and peripheral vascular disease, in the patients. Hypertension was defined as the regular use of antihypertensive drugs for controlling blood pressure or at least 2 blood pressure measurements of >140/90 mm Hg. Smoking behavior was also analyzed.
Use of Erythropoiesis-Stimulating Agents (ESA). Use of ESA followed the NKF KDOQI Clinical
Practice Guideline 31 . All the patients in this study received epoetin beta (EPO-β, Roche, Basel, Switzerland).
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Laboratory, Nutritional, and Inflammatory Parameters. All blood samples were obtained from the arterial end of the vascular access immediately after the initial 2-day interval for HD and were then centrifuged and stored at −80 °C until use. Serum creatinine levels, nPCRs, and serum albumin levels were assayed and recorded as nutritional markers. High-sensitivity C-reactive protein (hsCRP) levels were measured as the indices of inflammation. Serum hsCRP level was measured using immunonephelometry (Nanopia CRP; Daiichi Inc., Tokyo, Japan). The lowest detection limit was <0.15 mg/L. All other biochemical parameters were measured using the standard laboratory approach with an automatic analyzer. In the HD patients, the dialyzer clearance of urea was measured using the method described by Daugirdas and was expressed as Kt/V urea 32 . The nPCR of the HD patients was calculated using validated equations and was normalized to their body weight 33 . The serum calcium level was corrected using the serum albumin level with the following formula: corrected calcium level (mg/dL) = serum calcium level + 0.8 × (4.0-serum albumin level). Nonanuria was defined as daily urine output of ≥100 mL.
Measurement of Blood Lead Levels and Lead Levels in Water and Dialysate.
To exclude the possibility that patients on maintenance hemodialysis were exposed to lead through the contamination of water or dialysate during hemodialysis, we collected at least 2 samples of water and dialysate from the outlets of the reverse osmosis systems and the inlets of the dialysate of the dialyzers in lead-free plastic bottles from each hemodialysis center 29 . Lead levels in water and dialysate were less than 2 ug/L. Blood lead levels were measured using a method described previously 29, 30, 34 . Lead levels were measured using an electrothermal atomic-absorption spectrometer (SpectrAA-200Z; Varian, Lexington, MA, USA) with Zeeman background correction and a L'vov platform. A certified commercially prepared product (Seronorm Trace Elements; Sero AS, Billingstads, Norway) was used to determine intra-batch accuracy and confirm the inter-batch standardization. The coefficient of variation for lead measurement was ≦5.0%. External quality control was maintained by participating in the National Quality Control Program conducted by the government. Blood lead levels of each patient were measured 2 times with a 3-month interval. The grade of BLL was defined as: Low-normal BLL, BLL <10 ug/dL; High-normal BLL, 20 ug/dL > BLL ≥ 10 ug/dL; High BLL, BLL ≥ 20 ug/dL 18, 30 . Statistical Analysis. Data were analyzed using SPSS version 12.0 for Windows 95 (SPSS Inc, Chicago, IL, USA). The normal distribution of variables was analyzed using the Kolmogorov-Smirnov test. A P value of >0.05 was considered to indicate normal distribution. Data are expressed in terms of median and interquartile range in non-normal distribution variables and as mean ± standard deviation in normal distribution variables and categorical variables as numbers or percentages. Chi-square or Fisher exact tests were used for analyzing the correlation among categorical variables. Comparisons between two groups were performed using the Mann-Whitney U test and Student's t-test. The data on hsCRP, iPTH, BLL, blood aluminum (Al) levels and ferritin levels were log-transformed for analysis.
To evaluate the variables related to BLL, univariate and multivariate (stepwise method) linear regression analyses were performed to assess the standardized coefficients (β) or unstandardized coefficients (B) and 95% confidence interval (CI) for the baseline variables that included age, male sex, BMI, smoking status, diabetes mellitus, hypertension, previous CVD, HBV infection, HCV infection, haemodialysis duration, fistula for blood access, HDF, use of EPO, monthly EPO dose, EPO dose represented as U.kg −1 week −1 , Kt/V urea Daugirdes, nPCR. non-anuria status, Hb levels, serum albumin levels, serum creatinine levels, corrected-calcium levels, inorganic phosphate levels, log ferritin levels, log iPTH levels, log hsCRP levels, log Al levels, cholesterol levels, triglyceride levels, and urban areas (variables with p value < 0.1 in univariate linear regression were selected into multivariate 
